Human central nervous system (CNS) aspergillosis has >90% mortality. We compared posaconazole with other antifungals for efficacy against murine CNS aspergillosis. All tested regimens of posaconazole were equivalent to those of amphotericin B and superior in prolonging survival and reducing CFU to those of itraconazole and caspofungin and to vehicle controls. No antifungal regimen effected cure. No toxicity was noted. Overall, posaconazole shows potential for treating CNS aspergillosis.
Aspergillus fumigatus causes increasingly frequent opportunistic fungal diseases in immunocompromised or immunodeficient patients (21) . Dissemination to the central nervous system (CNS) from pulmonary tissues is most common (11) . CNS infections are highly lethal, with greater than 90% mortality (22) . With the development of a murine model of CNS aspergillosis, current and new antifungal drugs can be examined for efficacy specifically against CNS infection (7) . Traditionally, deoxycholate amphotericin B (AmB) has been the treatment for aspergillosis, although dose-associated toxicities limit optimal treatment (34) . Other therapies are lipid AmB formulations, itraconazole (ICZ), and caspofungin (CAS) (1, 5, 30, 32) . Recently, voriconazole has shown advantages in therapy of aspergillosis (15, 18) , but metabolism issues make this drug difficult to study in rodents (B. Patterson and P. Coates, Abstr. 36th Intersci. Conf. Antimicrob. Agents Chemother., abstr. F78, 1995). Each has been used for the treatment of CNS disease and has been anecdotally reported to be effective (11, 31, 34) . However, cure is elusive, and potential problems, such as the emergence of ICZ-resistant strains of A. fumigatus, make treatment more difficult (8, 9, 16) . Thus, it is critical to continue the search for better antifungals that exhibit minimal toxicity and high fungicidal activity.
In this study, we sought to determine the efficacy of posaconazole (POS) against CNS aspergillosis. POS is a triazole currently undergoing clinical trials. In vitro, POS demonstrates good activity against A. fumigatus, with lower MICs (Ͻ1 g/ml) than either AmB or ICZ (27, 29, 35) . In other studies, POS has reduced CFU in the brains of mice infected with Cryptococcus neoformans and was successfully used as salvage therapy to resolve human brain abscesses caused by Scedosporium apiospermum (3, 24) . Additionally, POS has demonstrated efficacy in murine and rabbit models of aspergillosis (4, 13, 19, 25, 28) . We compared various regimens of POS with those of AmB, CAS, and ICZ in a murine model of CNS aspergillosis to define curative potential against CNS aspergillosis infection.
The method for MIC determination used for testing the in vitro susceptibility of A. fumigatus strain 10AF to CAS and POS followed a broth macrodilution method using yeast nitrogen broth previously described (33) . MICs were read after 48 h as the first clear tube; the minimum effective concentration (MEC) of CAS was read as the first tube with 2ϩ (50% of control growth) or less growth. Vehicles used were as follows: CAS, sterile water; POS, dimethyl sulfoxide.
For the animal studies, 5-week-old male CD-1 mice (average weight, 27.2 g) were purchased from Charles River Laboratories. Animals were kept under standard conditions, and experiments were performed with the approval of the Institutional Animal Care and Use Committee of the California Institute for Medical Research. Immunosuppression and infection of all mice were performed as described previously, with cyclophosphamide at 200 mg/kg of body weight given intraperitoneally (i.p.) 2 days prior to infection and every 5 days thereafter (6). On day 0, mice were infected intracerebrally with 7.1 ϫ 10 6 conidia of A. fumigatus strain 10AF/mouse.
Drugs were prepared in accordance with the manufacturer's instructions, with CAS and POS prepared daily. AmB (Bristol Myers Squibb, Princeton, N.J.) was diluted in sterile 5% dextrose water (D5W). CAS (Cancidas; Merck, Whitehouse Station, N.J.) was diluted in sterile saline. POS (Schering-Plough, Kenilworth, N.J.) doses were prepared by diluting the oral suspension of POS (40 mg/kg) with sterile water to the desired concentration. ICZ was prepared by diluting the oral formulation (10 mg/kg in 40% cyclodextrin [HP␤CD] ; Sporanox oral solution; Ortho Biotech, Raritan, N.J.) with sterile water. HP␤CD was used as the vehicle control and was prepared by diluting 40% stock HP␤CD with sterile water to 34%, which equaled the percentage used in the ICZ dosing. CAS and POS were prepared daily.
Therapy began 1 day after infection for 10 consecutive days. Mice were randomized into eight groups (n Ն 10) and were given AmB at 3 mg/kg i.p.; POS at 5, 25, or 100 mg/kg orally; CAS at 5 mg/kg i.p.; or ICZ at 50 mg/kg orally. Two groups of mice served as controls and were given D5W i.p. or HP␤CD orally. ICZ and HP␤CD were administered in a volume of 0.15 ml, and POS was administered in 0.1 ml. HP␤CD and ICZ were given twice daily, and all other regimens involved oncedaily dosing.
Survival was tallied through day 14 postinfection, at which time all surviving mice were euthanatized by CO 2 asphyxia. The brains and kidneys were removed aseptically, and fungal burdens were determined by quantitative plating of organ homogenates (14) . Kaplan-Meier survival plots were analyzed by a log rank test (Prism, version 3.02; GraphPad Software, San Diego, Calif.). Fungal burdens were converted to log 10 CFU per entire organ and analyzed by the Mann-Whitney U test (Prism; GraphPad Software). P values were considered significant at the 0.05 level.
The AmB MIC and minimal fungicidal concentration (MFC) of 2 g/ml and the ICZ MIC of 3.13 g/ml against A. fumigatus 10AF were as reported previously (7) . These were determined by the same methodology as that used for CAS and POS in the present study. The MIC of CAS was Ͼ50 g/ml, whereas the MEC was Յ 0.39 g/ml. The POS MIC and MFC were 0.39 g/ml. Equivalent results were obtained with the M38-A (26) method of testing filamentous fungi.
Daily observations of animals noted that control mice and those treated with ICZ or CAS appeared more ill. These animals were less active and had ruffled fur and notable weight loss. Mice treated with POS appeared healthiest.
The Kaplan-Meier plot in Fig. 1 illustrates the survival curves for the different treatment groups. Mice treated with HP␤CD showed rapid mortality, with Ͻ50% survival noted by day 5 and 0% survival by day 12. Mice receiving D5W or ICZ had Յ20% survival by day 13. Mice given CAS had 40% survival. In contrast, mice given AmB had 70% survival and those given POS at 5, 25, or 100 mg/kg had Ն90% survival. Treatment with D5W, AmB, or POS at 5, 25, or 100 mg/kg significantly prolonged survival over treatment with HP␤CD (P Յ 0.04). Mice treated with AmB, or POS at 5, 25, or 100 mg/kg, had significantly prolonged survival over mice given D5W (P Յ 0.02) or ICZ (P Յ 0.01). There was a trend toward significant prolongation of survival following ICZ treatment in comparison with HP␤CD treatment (P ϭ 0.06). AmB and POS at 5, 25, or 100 mg/kg were equivalent in prolonging survival (P Ͼ 0.05). All regimens of POS were superior to CAS in prolonging survival (P Յ 0.02).
All surviving mice had detectable CFU in both the brain and the kidneys (Fig. 2) . CFU for mice treated with HP␤CD were not evaluated, as there was 100% mortality before the end of the study. All other mice that did not survive to the conclusion of the experiment were assigned an arbitrary log 10 CFU of 6.0 to ensure that the assumed fungal burden at death was worse than any fungal burden found in the sacrificed mice (20) . Mice treated with AmB had the lowest median fungal burden for the brain, with median log 10 CFU of 1.80 per brain ( Fig. 2A) . Those given POS at 25 mg/kg showed a slightly lower median burden (log 10 CFU of 2.79) than those given POS at 5 or 100 mg/kg (median log 10 CFU/brain of 3.05 and 3.02, respectively).
For the kidneys (Fig. 2B) , the median log 10 CFU was lower than that seen in the brains, since kidney infection represents only some secondary spread from the primary site of infection in this model. Mice given AmB and those given POS at 25 or 100 mg/kg had similar medians of log 10 CFU/kidney pair of 1.33, 1.33 and 1.29, respectively. Mice treated with POS at 5 mg/kg had a higher median than the three aforementioned groups, with a median log 10 CFU/kidneys of 2.64. Treatment with AmB, or POS at 5, 25, or 100 mg/kg, was superior to D5W (all P Յ 0.02), CAS (all P Յ 0.04), and ICZ (all P Յ 0.009) in reducing CFU from recovered organs. AmB and (POS at 5, 25, on June 21, 2017 by guest http://aac.asm.org/ or 100 mg/kg) were equivalent in reducing CFU from either brain or kidneys.
In this study, we examined the comparative efficacies of various regimens of POS against those involving AmB, CAS, and ICZ in murine CNS aspergillosis. CAS, the first of the echinocandins to be licensed for use as salvage therapy in invasive aspergillosis, inhibits the synthesis of 1,3-␤-D-glucan, a component of the fungal cell wall (10, 36) . MICs and MECs obtained in our study for CAS were in accordance with those found in other studies (2) . In a previous study, CAS showed a flat dose response and a similar dosage was maximally effective in treating CNS aspergillosis where the inoculum was 5.4 ϫ 10 Despite the fact that several clinical trials have demonstrated efficacy of ICZ in cases of severe invasive aspergillosis (5, 11, 22, 32, 34) , mice treated with ICZ had high overall mortality, with Յ20% survival. However, this mortality was delayed in comparison to that for the group of mice given HP␤CD, and the delay approached significance (P ϭ 0.06); most deaths of ICZ-treated animals occurred between days 6 and 12, as opposed to day 5 for HP␤CD-treated mice. These results are similar to those reported previously (7) and are indicative of partial efficacy of ICZ against CNS infection with A. fumigatus, even when given at a high dose in HP␤CD to maximize oral absorption (17) . Similar to the results with CAS, when lower challenge inocula are used, ICZ shows better efficacy.
This study clearly demonstrated that POS at 5, 25, or 100 mg/kg was efficacious in prolonging survival and reducing fungal burdens in the brain and kidney compared to controls, CAS, or ICZ. However, POS at the tested regimens did not show dose responsiveness in reducing CFU from the brain and showed dose responsiveness only between the 5-and 25-mg/kg doses in the kidneys. We have previously shown that assessment of fungal burden by determining CFU gives results equivalent to those obtained by a quantitative PCR method and have demonstrated a lack of dose responsiveness by CAS over the range studied in this model (G. Singh, J. Imai, K. V. Clemons, and D. A. Stevens, Abstr. 43rd Intersci. Conf. Antimicrob. Agents Chemother., abstr. M-363, 2003). Thus, we believe that the results reported here for POS are an accurate reflection of activity.
In addition, no regimen completely cleared the pathogen from the host. These results are similar to those published previously, where POS significantly prolonged survival and was more effective than ICZ (13, 19, 28) . In contrast to the efficacy of POS in systemic and pulmonary models of aspergillosis, where it was more efficacious than AmB (13, 19, 28) , we found that POS was equivalent to AmB in the CNS model of aspergillosis. Thus, comparative POS efficacy may also depend on the site of infection.
In vitro results for POS were consistent with results from other published studies (4, 12, 23) . In vivo, POS given orally demonstrated efficacy equivalent to that of AmB, the "gold standard," given parenterally, in prolonging survival, as well as equivalence in reducing CFU from the brain and the kidneys. In addition, no overt toxicity was seen, and clinical observations noted that mice treated with POS appeared healthier than those in other therapy groups. Overall, in our murine model, POS shows promise in treating CNS aspergillosis. Subsequent studies are warranted to clearly define its complete therapeutic potential.
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